Abstract: Mixed-stock fisheries refer to the exploitation of admixed fish stocks coming from different origins. We identified the North American origin of 2835 Atlantic salmon (Salmo salar) in the Greenland mixed-stock fishery during 11 years (1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006) at three localities using 13 microsatellites. The study included 52 baseline populations representing nine genetically distinct regional groups. The contribution of each group ranged from <1% (Maine) to 40% (Southern Qué-bec). Decreasing temporal contributions were observed for Southern Québec (-22.0%) and New Brunswick (-17.4%), whereas an increasing contribution for Labrador (+14.9%) was observed during the time course of the study. The estimated regional contribution to the Greenland fishery was significantly correlated to the number of multi-sea-winter salmon regionally produced in 2002 (r = 0.79) and 2004 (r = 0.92). No difference in contribution was found between the three Greenland sampling localities. Ungava and Southern Québec regions showed the highest mortality estimates caused by the fishery, ranging from 12.10% to 18.08%, for both years tested. No regional group was overrepresented in landings compared with their respective productivity. Yet, management precautions should still be taken as the fishery strongly selects large females, which could have evolutionary impacts on populations over the long term.
Introduction
Multi-sea-winter (MSW) Atlantic salmon (Salmo salar) from all regions in North America migrate to feeding grounds along the West Greenland coast where they spend two or more winters admixed with MSW European salmon (Reddin and Friedland 1999) . In that feeding area, an important mixed-stock fishery has been taking place. The commercial fishery closed in 2003 and has since been restricted to a subsistence fishery, with annual landings ranging between 9 and 21 tonnes (t) (International Council for the Exploration of the Sea (ICES) 2007). The majority of Atlantic salmon catches in Greenland (>90%) are non-mature onesea-winter (1SW) fish expected to come back in freshwater as two-sea-winter (2SW) salmon (ICES 2007) . The continental origin of salmon caught in the Greenland fishery has been estimated for several years and the North American contribution to this fishery has varied between 65% and 76% over the last 6 years (ICES 2007) . However, no published study has been conducted to identify the origin of salmon at a finer spatial scale. As such, estimation of the exploitation rate of the different regional stocks, taking into account their respective demographic status, is missing (Utter and Ryman 1993; Crozier et al. 2004) .
A major factor affecting the efficiency of mixed-stock analyses is the extent of genetic differentiation between populations contributing to the mixed fishery. In North American Atlantic salmon, significant genetic differentiation has been observed between salmon rivers in the provinces of Québec (Castric and Bernatchez 2004; Dionne et al. 2008) and Newfoundland-Labrador and in the Maritimes in eastern Canada (O'Reilly et al. 1996; McConnell et al. 1997; Palstra et al. 2007) , as well as in Maine, USA Spidle et al. 2001) . Recently, a study including 51 rivers from Québec, Labrador, and New Brunswick identified seven regional groups of rivers having distinct genetic and ecological characteristics (Dionne et al. 2008) . Together these studies confirm the potential for identifying the origin of West Greenland caught salmon at a regional and perhaps river level.
The general objective of this study was to perform a first estimation of the contribution of salmon from different North American regions to the Greenland fishery using mixed-stock analysis. More specifically, the first objective was to evaluate the contribution of different North American regions to the fishery in different localities along the Greenland coast and over a temporal scale between 1995 and 2006. The second objective was to evaluate the potential influence of the number of MSW salmon produced per North American region in predicting the regional proportions of salmon harvested at the Greenland fishery. A final objective was to approximate the mortality rate of North American salmon caused by the Greenland fishery and discuss its potential implications for management and conservation.
Materials and methods

Baseline populations
The baseline data set included 52 rivers, representing potential rivers of origin of North American salmon harvested in Greenland. Fifty-one of these rivers, located in Québec, New Brunswick, and Labrador, were available from Dionne et al. (2008) and included 54 adult salmon per river, on average. These rivers clustered in seven regional genetic and ecological groups such that genetic differentiation between rivers from different regions was, on average, twice that observed between rivers within any given region (Dionne et al. 2008) . In addition to these seven groups and for the purpose of this study, the Miramichi River was considered as a separate and additional region (New Brunswick) as it represents the main river producing salmon in the Salmon Fishing Area (SFA) 16 in New Brunswick (Chaput et al. 2001; ICES 2007) . In addition, 95 adult salmon from the Penobscot River (Maine; Spidle et al. 2001) were also included as this is the most important river in terms of annual returns in the United States (US Atlantic Salmon Assessment Committee 2005). Thus, a total of nine regional groups were used as baseline samples in this mixed-stock analysis (Fig. 1 ). These regional groups represent about 85% of all MSW salmon produced in North American rivers, according to ICES (2007).
Collection of Greenland fishery samples
Tissue samples of unknown origin salmon were obtained from the West Greenland salmon fishery from 2002 to 2006 in three localities: Qaqortoq (60843'N, 46802'W), Nuuk (64811'N, 51845'W), and Maniitsoq (65825'N, 52854'W) (Fig. 1) . In Nuuk, tissue samples were also available in 1995 and 1996 (Table 1) . Sampling was conducted by the International Sampling Program initiated by the North Atlantic Salmon Conservation Organization (NASCO). A mean of 176 salmon per locality per year was sampled. For each fish, the adipose fin was clipped and stored in 95% ethanol (1995-1996 and 2002-2005) or RNAlater (Applied Biosciences/Ambion, Austin, Texas) (2006) for DNA analysis. The North American origin of these salmon was previously confirmed based on microsatellite markers using individual assignment tests in GeneClass (Cornuet et al. with the loci used. First, 400 multilocus genotypes were simulated by SPAM 3.7 (Debevec et al. 2000) , based on allele frequencies of each baseline region. The composition of those regional mixtures was then estimated by SPAM 3.7, where a contribution of 100% for each simulation was expected. However, a contribution of 90% or more is generally considered as a satisfactory level of power (Beacham et al. 2001; Reynolds and Templin 2004; Seeb et al. 2007 ). Standard deviation on contribution estimates was estimated using 1000 bootstrap resamplings. Secondly, the power at estimating the composition of a known-origin mixture of salmon, independent of the baseline populations, was assessed. For that purpose, 200 individuals were randomly removed from the baseline data set in proportion to the relative regional Note: See Fig. 1 for locations of sampling site.
MSW productivity estimated from ICES (2005) and Caron et al. (2006) . This sample size represented a trade-off between obtaining sufficient precision in the estimates while retaining a sufficient number of individuals in the baseline data set. The composition of this individual mixture was then assessed using cBayes (Neaves et al. 2005) . We then tested the potential to estimate the North American salmon contribution to the Greenland fishery at the river scale for two of the nine regions. Thus, Higher North Shore and Southern Québec regions were selected, as their associated sampled rivers included the vast majority of the total MSW salmon production of the region (Higher North Shore, 87%; Southern Québec, 95%). Moreover, salmon from rivers within the Southern Québec region were weakly differentiated (average q ST = 0.011) compared with those from the Higher North Shore region (average q ST = 0.037) (Dionne et al. 2008) , such that we could investigate the effect of population divergence on the efficiency of mixed-stock analyses. Both power analyses described above were also conducted at the river level for these two regions with slight modifications to the method. First, the simulation of virtual individuals was performed using a reduced database including rivers from the region under consideration only. In the second power analysis, the number of individuals in the mixture was reduced to 50 individuals.
Mixture composition
As the power analyses showed that sufficiently accurate estimates could be obtained at the regional level, an unknown-origin mixture of salmon from the Greenland fishery were analyzed using cBayes. For each mixture estimate, 10 Markov chain Monte Carlo (MCMC) chains (Gelman and Rubin 1992) were generated, and the initial starting value for a particular population was set to 0.90, which then differed for each chain. Convergence was met for each chain as the shrink factor was always less than 1.2 (Pella and Masuda 2001) , and the starting value was then considered as having no influence on the results. Results of the last 2000 iterations for each of the 10 chains were then combined. When estimating mixture composition, individuals possessing an allele absent from the whole baseline data set were excluded from the analyses. In this way, we assumed that these fish were coming from a region not included in the baseline.
Power analyses showed that limited precision in the estimates of mixture composition was obtained at the river level (see Results). Nevertheless, for the sake of comparison with results obtained at the regional level, we estimated the mixture composition of salmon within the Higher North Shore. Here, individuals of unknown origin first had to be assigned to one region. Using cBayes, these were individually assigned to one river at each iteration of the MCMC chains (Pella and Masuda 2001) , such that the proportion of time that each individual is assigned to a population was available, making individual assignments possible. Unknown individuals were assigned to the Higher North Shore if the proportion of time that they were assigned to rivers from that region was the highest compared with the other regions. The new mixture of individuals was then reanalyzed using a reduced database. Individuals that possessed an allele absent from the whole baseline data set were excluded from the analyses, like the regional analysis.
Statistical analyses
The overall contribution of each North American region to the Greenland fishery was estimated by averaging regional contributions over the 7 years sampled. Regional differences in contribution were tested using a repeatedmeasures analysis of variance (ANOVA; Proc MIXED, SAS software 9.1, SAS Institute Inc., Cary, North Carolina), with region as the fixed factor and year as the random factor. Least-square means were performed as post-hoc comparisons, and a sequential Bonferroni correction (Rice 1989) was applied to identify significant differences in contribution. To determine whether the contribution of each North American region to the fishery varied spatially along the Greenland coast, a modified Cochran's (1937) method of weighting was used for testing equality of group means, which is equivalent to a modified chi-square statistics (Shoukri and Pause 1999) . The significance was assessed following a sequential Bonferroni correction. The same statistics was also used to evaluate temporal variability of regional contribution between 1995 and 2006. Post-hoc pairwise comparisons were conducted using Z tests.
We finally tested the potential influence of population size in predicting the differential contribution among regional groups. The estimated number of returning MSW salmon for each region was used as a surrogate of population size to represent the amount of fish per region or river potentially migrating to Greenland for feeding. The number of MSW salmon per region was available from the ICES Working Group on North Atlantic Salmon (WGNAS) report (ICES 2005) , as well as from Caron and Fontaine (2003) and Caron et al. (2006) . Based on data availability, regional analyses were conducted for 2002 and 2004, whereas river analyses were conducted for 2004 only. The influence of the number of MSW salmon in predicting salmon contribution of each North American region to the Greenland fishery was assessed by performing a Pearson correlation between the number of salmon caught per region in Greenland and the number of MSW salmon returning to each region annually (Proc CORR, SAS software 9.1, SAS Institute Inc.). Data were first transformed into a natural logarithm to respect assumptions of normality and homoscedasticity of the data.
Fishery-induced mortality
Fishery induced mortality for each North American region was estimated for 2002 and 2004. First, regional MSW mortality rate was estimated by dividing the total number of fish caught in Greenland fishery for a specific region (assessed by the mixed-stock analysis) by the estimated total number of MSW fish from that region, comprising both returning MSW salmon and those captured in the fishery. Second, regional mortality rate over all anadromous salmon for a given region was estimated by dividing the total number of fish caught in Greenland for a specific region by the estimated total number of fish from that region, comprising both returning anadromous salmon (grilse + MSW) and those captured in the fishery. Total number of salmon caught in the Greenland fishery per year was available through ICES (2007) and included both reported catches and an estimation of unreported catches. Owing to uncertainties surrounding estimation of unreported catches, values obtained for fishing mortality should represent conservative estimates.
Results
Power analyses and mixture composition at the regional level
Both power analyses showed that sufficient precision in the estimates of contribution could be obtained at the regional level. In the first analysis using simulated individuals, all nine regional groups showed contribution estimates greater than 90%, ranging from 90.5% for the Québec City region to 97.3% for the New Brunswick region (Table 2 ). In the second power analysis using individuals of known origin, concordant results were obtained between expected and estimated contributions for each region as the divergence between the two values ranged from 0.11% to 7.1% only ( Table 2 ). The greatest discrepancies were found in the Southern Québec, New Brunswick, and Québec City regions, where an acceptable overestimation for the former and underestimations for the other two regions were observed.
Significant differences in contributions to the Greenland fishery over the seven sampled years were found among the nine North American regions (ANOVA, p < 0.0001; Fig. 2 ). The Southern Québec region contributed significantly more to the harvest than any other region in North America, with a mean contribution of 39.4% ± 2.8% over the seven years (p < 0.0001; Fig. 2 ). The regions of Labrador and New Brunswick showed similar contributions, averaging 23.4% ± 2.2% and 22.6% ± 2.0%, respectively. All six other regions contributed less than 10%, but within this group, the Higher North Shore region contributed more than all the others, with an estimated contribution of 6.1% ± 1.0% (p = 0.014). However, after a sequential Bonferroni correction, it was not significantly different from Ungava.
Contributions of the nine North American regions to the Greenland fishery were similar for the three coastal locations in Greenland following sequential Bonferroni correction (results not shown) and were then pooled per year for further analyses. Temporal analyses revealed significant variation in contribution estimates for Southern Québec (p = 0.0002), New Brunswick (p = 0.022), Labrador (p < 0.0001), and Maine (p = 0.004) ( Fig. 3 ; Supplemental Table  S1 2 ). Post-hoc pairwise comparisons (Z test) revealed that the Southern Québec contribution decreased from 49.9% to 27.9% between 2002 and 2005 (p < 0.0001). The New Brunswick contribution also showed a decrease from 1995 to 2006 (32.1% to 14.7%), although this was not significant after a sequential Bonferroni correction. Conversely, the contribution from the Labrador region increased from 17.4% to 32.3% between 2002 and 2006 (p < 0.0001), whereas the contribution from the Maine region increased Fig. 2 . Average contribution of the nine Atlantic salmon North American regions to the Greenland fishery for seven years (1995, 1996, 2002, 2003, 2004, 2005, and 2006 
Fishery-induced mortality in regional stocks
The global estimated MSW mortality rate due to Greenland fishery was 7.59% ± 6.98% and 7.69% ± 4.06%, on average, for 2002 and 2004, respectively. However, estimates varied among regions, ranging from 0.07% (Maine) to 18.08% (Southern Québec) in 2002 and from 3.18% (Lower North Shore) to 14.96% (Ungava) in 2004 (Table 3) . Total anadromous mortality rates (MSW + grilse) per region were 2.57% ± 3.22% and 3.08% ± 1.77% in 2002 and 2004, respectively, and ranged from 0.04% (Maine) to 9.67% (Southern Québec) and from 0.66% (Lower North Shore) to 5.40% (Québec City region) for both years, respectively. Overall, highest mortality rates caused by harvesting in Greenland were found for Southern Québec and Ungava regions across years. When testing the relationship between mortality rate and MSW regional abundance to evaluate if mortality varied with regional population size, we found no relationship for both years (2002, r = 0.32, p = 0.41; 2004, r = 0.21 , p = 0.58; results not shown).
Power analyses and mixture composition at the river level within region Power analyses at the river level revealed that precision of the contribution estimates was lower compared with that of the regional analyses and that power of distinguishing the river origin of salmon was weaker in Southern Québec than in Higher North Shore. According to the first power analysis, reasonably accurate estimates can be obtained in the Higher North Shore region. Power estimates using simulated individuals within Higher North Shore was, on average, 92.3% ± 2.2% (Table 4) and ranged from 89.1% for the Natashquan River to 95.3% for the Moisie River, with three rivers out of 10 showing simulation estimates under the 90% threshold. The second power analysis revealed greater discrepancies between expected and estimated contributions at the river level for the Higher North Shore (Table 4) . Estimated contributions were greater than expected by factors of 2.1 and 8.3 for Laval and Aguanus rivers, respectively. On the other hand, estimated contribution was lower than ex- pected by a factor of 8.4 for the Godbout River. In Southern Québec, power estimate based on simulations averaged 87.2% ± 3.3%, with values ranging from 81.6% for the Saint-Jean River to 94.0% for the Upsalquitch River. All rivers but Upsalquitch had estimates lower than 90% (Table 4 ). In the second power analysis, discrepancies between expected and estimated contributions were higher than for the Higher North Shore region, ranging from 0.3% to 17.0%. Eleven rivers (Patapédia, Matapédia, Causapscal, Petite Cascapédia, Grand Pabos, York, Madeleine, CapChat, Mitis, and Upsalquitch) showed greater discrepancies than a factor of 2 between expected and estimated values. Estimates from York, Madeleine, and Saint-Anne rivers differed from the expected values by factors of 6.3, 5.3, and 9.8, respectively. As both simulated and empirical analyses revealed low power, contribution estimates within this region should not be interpreted further.
Salmon contribution to the 2004 Greenland fishery varied among the 10 rivers of the Higher North Shore region (Supplemental Table S2 2 ). The Moisie River contributed the most to the fishery, with an estimated value of 54.8%. However, the Aguanus (18.9%), Godbout (12.1%), and Natashquan (11.5%) rivers represented other important contributors to the fishery. All other rivers contributed less than 3%, averaging 0.5% ± 0.7%.
Discussion
The general objective of this study was to provide a firstcontribution estimate of North American Atlantic salmon regional stocks to the Greenland mixed-stock fishery. The level of contribution was highly variable among North America regions, ranging from less than 1% to nearly 40%. This variation was largely explained by a strong positive association found between the number of salmon caught per North American genetic region and the number of MSW salmon produced in that region for two different years. The three fishery localities analyzed showed similar representation of each North American regional stock, suggesting homogeneity in salmon distribution in their feeding area along the Greenland coast. However, significant temporal changes in regional contribution were found, indicating a contribution decrease for southern stocks, namely Southern Québec and New Brunswick, and a contribution increase for the Labrador genetic group in the Greenland fishery. Mortality rate caused by the fishery was highly variable across North American regions and years, ranging from low to moderate when calculated over MSW or overall anadromous salmon. Globally, our study shows that accurate estimates of regional contribution can be obtained with high confidence and that river contributions can be estimated with relative confidence under conditions of sufficient genetic differentiation between rivers and adequate river representation within the targeted region.
Contribution to the Greenland fishery and temporal variation
The main region contributing to the Greenland fishery was the Southern Québec region, followed by New Brunswick and Labrador, whereas the contribution of any of the other regions was relatively modest. We also observed pro- nounced temporal changes in contributions for Southern Québec, Labrador, New Brunswick, and Maine. To date, few studies have paid attention to the temporal variation in contribution of different stocks to a mixed-stock fishery. Bjorndal and Bolten (2008) found temporal differences in the composition of a mixed aggregation of green turtle, Chelonia mydas, in the Bahamas over a 10-year period, which they attributed to variation in population size. In our study, population size also appeared as a key element in explaining differences in contribution between regional groups and also potentially between years, as suggested by the positive association between the regional MSW salmon production and the contribution to the mixed-stock fishery for two different years. In another Atlantic salmon fishery, the Foyle system in Northern Ireland, evidence also suggested that relative contribution was associated with stock productivity, although the relationship was not tested directly (Booth et al. 2005) . Globally, our results suggest that the observed trends in temporal contribution may be the result of regional specific conditions influencing salmon freshwater survival and population productivity such as water temperature, water quality, and water quantity (Regier and Meisner 1990) .
Spatial distribution of salmon in Greenland
Our results suggest that salmon from different regions were randomly distributed along the Greenland coast, irrespective of the fishing locality. This and the fact that we did not detect differential contributions during any given fishing season (data not shown) suggest that salmon of different North American origins could respond similarly to a common set of factors influencing their migration towards feeding grounds in Greenland. This would corroborate previous studies suggesting that postsmolt salmon from different origins mix in the Labrador Sea and the Grand Banks area during their first year at sea (Reddin 1985) and respond potentially in the same way to migration cues such as water temperature (Juanes et al. 2004 ) and follow a common migration route such as the North Atlantic Gyre (Dunbar and Thomson 1979; Spares et al. 2007 ). 
Limitations of the study
Both simulations and known-origin salmon power analyses showed that sample size and the number and types of markers used in this study provided adequate power for estimating regional contributions of North American Atlantic salmon caught in Greenland. At the river level, the power to estimate contributions was greatly lowered within the Higher North Shore region and insufficient for the Southern Québec region. These results confirmed that the power to discriminate groups or populations among a mixture is highly dependent on the extent of genetic differentiation between them (Utter and Ryman 1993; Hansen et al. 2001) . Thus, our results show that the extent to which mixed-stock analyses can be performed with precision is not restricted to a certain spatial scale, but rather is dependent on the specific system under study. However, even if power analyses are satisfactory, spurious estimates can still be obtained if a significant proportion of the mixture comes from populations that are not represented in the baseline data set (Koljonen et al. 2005) . Based on ICES (2005) data, we estimated that populations included in our baseline data set represented about 85% of all MSW salmon produced in North American rivers. No populations from Newfoundland and Nova Scotia, which also represent provinces with multiple salmon rivers, were included in the baseline data set. However, except along the southwest coast of the island, salmon populations in Newfoundland are typically composed of grilse that are not migrating to Greenland for feeding (O'Connell et al. 2006) , and the abundance of returning salmon in Nova Scotia is among the lowest recorded (ICES 2007) . In the mixedstock analysis used, the origin of an unknown individual will be estimated even though it comes from a population unrepresented by a regional group in the baseline data set. This could then lead to a decrease in precision of the contribution estimates. Although an estimated 15% of the North American MSW salmon may not have been represented in our baseline data set, we are confident that the estimates are not strongly biased by the unrepresented populations based on the strong correlation observed between regional production of MSW and catch levels. Moreover, the limitation associated with a partial representation of potential populations contributing to the fishery was decreased by excluding unknown origin salmon possessing one or more alleles that were absent from all baseline populations, which averaged 4.5% of all individuals sampled in Greenland.
Potential demographic impacts of the Greenland fishery on North American salmon populations
In Greenland, the overall abundance of North American exploited populations is among the lowest recorded (ICES 2007) . It is relevant then to attempt to understand the potential impacts of this fishery on the exploited populations (Crozier et al. 2004) . Even if salmon mortality caused by the fishery varies between regions, catches strongly correlate with regional MSW productivity. Namely, neither smaller nor larger regional group seemed to be overexploited, which could lead to the conclusion that impacts on small populations are no greater than those on larger populations. However, smaller populations may still be subjected to greater fishing impacts than their larger counterparts, as inbreeding and loss of genetic diversity are operating more rapidly in the former (Falconer and Mackay 1996; Frankham et al. 2002; Allendorf et al. 2008 ). Thus, although we cannot conclude from our results that smaller populations are more severely impacted by the fishery than larger ones, salmon from populations listed as endangered (namely Maine populations) are observed in the landings, as indicated both by this study and by tag recovery (T. Sheehan, NOAA Fisheries, Atlantic Salmon Research and Conservation Task, 166 Water Street, Woods Hole, MA 02543, USA, personal communication). Thus, the fishery could potentially impact these endangered populations. As the smallest populations may be more impacted than their larger counterparts, they should serve as guiding point for the conservation and restoration of all population sizes.
The selective effect on salmon life-history traits is another potential impact of the Greenland fishery on exploited populations. Growing evidence indicates that evolutionary changes in life-history traits in response to selective harvesting may be more common than previously thought (Stokes and Law 2000; Coltman 2008a; Hard et al. 2008) . Namely, traits such as body size and migration timing have received considerable attention in salmonids (Hard et al. 2008) . Fishing practices commonly target large individuals, which may cause evolutionary changes towards slower growth and smaller size at sexual maturity (Conover and Munch 2002; Hutchings and Fraser 2008; Piché et al. 2008) . The Greenland fishery targets exclusively salmon that would have returned in freshwater as MSW. These salmon are larger and heavier, and their reproductive success may be twice that of grilse (Garant et al. 2003) . In addition to selectivity on size and life-history traits (grilse vs. MSW), more than 80% of the fish caught in Greenland in the recent years were females (ICES 2007), i.e., the fishery could also have an impact on sex ratio. Although there is no consensus on the effect of female sizes on their reproductive success, several studies in salmonids found that larger body size in females was associated with greater reproductive success, i.e., larger and more numerous eggs, as well as usually larger juveniles (Kazakov 1981; Dickerson et al. 2002 , but see Garant et al. 2001 . It is therefore possible that the Greenland fishery could drive evolutionary changes in salmon populations by differential mortality favouring grilse and males in general.
The extent to which populations respond to selection depends largely on the heritability of the traits under selection, as well as the strength and direction of selection (Stokes and Law 2000; Dionne et al. 2007; Hard et al. 2008) . Previous studies have shown that alternative reproductive tactics, including grilse and MSW tactics, are heritable in salmonids (Garant et al. 2003; Thériault et al. 2007; Piché et al. 2008) . Moreover, a recent study on Lake Windermere (UK) pike, Esox lucius, suggested that even modest rates of harvest (from 1.1% to 7.3%) can produce an evolutionary response on targeted populations on an ecological time scale (Edeline et al. 2007; Coltman 2008b) . In our study, we found that up to 18% of the MSW production can be harvested by the fishery in some North American regions. Assuming that values of both heritability of life-history tactics and strength of selection against MSW are sufficiently high, one would predict a shift in proportions of MSW favouring grilse. According to the data compiled by ICES (2007) , the proportion of MSW of the total number of returning salmon tended to de-crease between 1995 and 2006 from 35.8% to 6.1% in Labrador and from 70.5% to 46.8% in Québec. In Labrador, an increase in the absolute number of grilse produced in the area over the years, from 50 700 in 1995 to 214 000 in 2006, whereas the absolute number of MSW remained constant, was mainly responsible for that trend. In contrast, grilse abundance remained stable in the province of Québec during that time period, whereas the number of MSW decreased from 67 000 to 26 200. However, as the number of returning MSW and grilse is not available for the specific regions in Québec for all those years, it is not possible to verify whether the decreasing proportion of MSW salmon is more important in regions experiencing higher MSW fishing mortality in the Greenland fishery. Nevertheless, these observations, combined with the evidence of selective harvesting against MSW, suggest that attention should be paid to the potential evolutionary impact of Greenland fishery on the harvested populations, as the time required for adaptive traits to return to their original state in the populations may take decades (Conover et al. 2009 ).
In summary, despite potential limitations, our results show that the mixed-stock analysis represents a valuable approach to understanding patterns of spatial and temporal distribution of mixed populations of Atlantic salmon. Moreover, accuracy in contribution estimates may now be improved by using microsatellite markers in combination with other markers, e.g., single nucleotide polymorphisms (SNPs) (Smith et al. 2005; Narum et al. 2008) , and by using more efficient methods for predicting the accuracy of genetic stock identification (Anderson et al. 2008 ). Overall, this study also underlines the importance of monitoring mixedstock fisheries over multiple years to quantify the extent of temporal variation in regional contributions, estimate regional or population mortality rate over time, and consequently better orient conservation practices and management decisions in Atlantic salmon.
